TITLE OF INVENTION 



SENSOR 

5 BACKGROUND OF INVENTION 

[0001] This Nonprovisional application claims priority under 35 U.S. C. § 1 19(a) on patent 
Application No. 2002-333705 filed in Japan on November 18,2002, the entire contents of 
which are hereby incorporated by reference. 
10 [0002] The present invention pertains to a sensor, and in particular to an automatic door 
sensor. 

[0003] Conventional automatic door sensors (hereinafter "sensors") detect a person or other 
object headed toward an automatic door and cause the automatic door to open and/or close. 
[0004] Conventional sensors include, for example, sensors such as that shown in FIG. 13, in 
15 which this sensor 1 is disposed above an automatic door D, protected zone(s) intended for 
detection being irradiated with light from light-projecting element(s) (not shown), this 
irradiated light being reflected at protected zones A(A11,A12, A13,A14) and being incident 
on and received by light-receiving element(s) (not shown), with presence and/or absence of 
object(s) being detected based on the amount of light received. 
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[0005] Now, given protected zone(s) All proximate to sensor 1 and protected zones A 12, 
A13, A14 distant from sensor 1 (in direction(s) Y), it so happens when this sensor 1 is used to 
detect presence and/or absence of object(s) that the characteristics of light cause zone extent 
to increase as one goes from protected zone(s) All proximate to sensor 1 to protected zones 
5 A12, A13, A14 distant from sensor 1 (in direction(s) Y). This being the case, it may 

sometimes happen, as shown in FIG. 13, given a plurality of protected zones A alongside 
automatic door D, that zone(s) A 19, at which detection cannot be carried out, will appear 
between protected zone(s) All proximate to sensor 1 and automatic door D, the sensor 
failing to respond to movement of object(s) at such zone(s) A19. 

10 [0006] Sensors capable of detecting the foregoing zone(s) A19 proximate to sensor 1 at 

which detection might otherwise be impossible have therefore been developed, such sensors 
including, for example, the sensor described at Japanese Patent No. 2871494. 
[0007] The sensor described at Japanese Patent No. 2871494 is such that projected beams 
irradiated from a light-projecting element pass through a lens to irradiate protected zones 

15 alongside a door, reflected beams from such protected zones being condensed by way of a 
lens and being monitored at a light-receiving element so as to permit detection of presence 
and/or absence of object(s). At this sensor, a slit for regulating the projected beams and 
reflected beams is disposed in intervening fashion between the lens and the light-projecting 
and light-receiving elements, and the protected zones are given cross-sectional shapes 

20 partially approximating the more or less linear region alongside the surface of the foregoing 
door. 

[0008] In this sensor, projected beams irradiated from a light-projecting element pass through 
a lens to irradiate protected zones alongside a door, reflected beams from such protected 
zones being condensed by way of a lens and being received at a light-receiving element. 
25 Because the aforementioned protected zones are given cross-sectional shapes partially 

approximating the more or less linear region alongside the surface of the aforementioned 
door, it is possible to cause the protected zones to closely approach the door surface. 



[0009] However, with the sensor described at this Japanese Patent No. 2871494, presence of 
the sUt which regulates the projected beams and the reflected beams makes efficient use of 
the projected beams impossible. That is, since the effect of blocking of light by the slit which 
is provided between the lens and the light-projecting and light-receiving elements is being 
5 utilized for protected zone shape, focal length must be chosen based on this slit itself; and 

since the amount of light that is produced which corresponds to the portion of the beams that 
is blocked by the slit goes to waste, it is impossible to achieve low operating cost. 
[0010] Furthermore, with respect to the light irradiated by the sensor, it is preferred that the 
light-projecting and light-receiving elements be disposed at the focus of the lens. However, 

10 with the sensor described at this Japanese Patent No. 2871494, if the light-projecting and 

light-receiving elements are disposed at the focus of the lens this will result in blurring of the 
extents of the protected zones irradiated by the slit, and it will be impossible to cause the 
aforementioned protected zones to be given cross-sectional shapes partially approximating 
the more or less linear region alongside the surface of the door. 

15 [001 1] In order to solve one or more of the aforementioned problems, it is therefore an object 
of the present invention to provide a sensor making efficient use of light at light-projecting 
and/or light-receiving element(s) disposed at location(s) of focus or foci of lens(es) and/or 
other such condenser member(s); such that when carrying out detection with respect to 
protected zone(s) alongside light-projecting and/or light-receiving element(s), edges, on 

20 side(s) toward light-projecting and/or light-receiving element(s), of a plurality of protected 

zones alongside such light-projecting and/or light-receiving element(s), are formed so as to be 
coUinear; and such that protected zone(s) nearest to such light-projecting and/or light- 
receiving element(s) serves or serve as protected zone(s). 

25 SUMMARY OF INVENTION 
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[0012] In order to achieve the foregoing object and/or other objects, a sensor associated with 
one or more embodiments of the present invention comprises one or more light-projecting 
elements; one or more condenser members; and one or more light-receiving elements; at least 
one of the light-projecting element or elements irradiating at least a portion of a plurality of 
protected zones with light by way of at least one of the condenser member or niembers; light 
reflected from at least a portion of the protected zones being incident on at least one of the 
light-receiving element or elements by way of at least one of the condenser member or 
members; at least a portion of the light-projecting element or elements and at least a portion 
of the light-receiving element or elements being disposed at one or more focus or foci of at 
least a portion of the condenser member or members; wherein when at least one of the 
protected zones which is proximate to at least a portion of the light-projecting element or 
elements and/or at least a portion of the light-receiving element or elements is taken as 
reference, at least one edge, on at least one side toward at least a portion of the light- 
projecting element or elements and/or at least a portion of the light-receiving element or 
elements, of at least one of the protected zones which is located in at least one direction 
extending laterally from the at least one reference protected zone is formed so as to be more 
or less coUinear with at least one edge, on at least one side toward at least a portion of the 
light-projecting element or elements and/or at least a portion of the light-receiving element or 
elements, of the at least one reference protected zone. 

[0013] hi accordance with such embodiment(s) of the present invention, because light- 
projecting and/or light-receiving element(s) may be disposed at location(s) of focus or foci of 
condenser member(s), and because when protected zone(s) proximate to light-projecting 
and/or light-receiving element(s) is/are taken as reference(s), edge(s), on side(s) toward light- 
projecting and/or light-receiving element(s), of protected zone(s) located in direction(s) 
extending laterally from such reference protected zone(s) is/are formed so as to be more or 
less collinear with edge(s), on side(s) toward light-projecting and/or light-receiving 
element(s), of reference protected zone(s), it is possible to make efiBcient use of light at light- 



projecting and/or light-receiving element(s) disposed at location(s) of focus or foci of lens(es) 
and/or other such condenser member(s). Moreover, it is also possible, when carrying out 
detection with respect to protected zone(s) alongside light-projecting and/or light-receiving 
element(s), to cause edges, on side(s) toward light-projecting and/or light-receiving 
element(s), of a plurality of protected zones alongside such light-projecting and/or light- 
receiving element(s), to be formed so as to be coilinear; and to cause zone(s) nearest to such 
light-projecting and/or light-receiving element(s) to serve as protected zone(s). 
[0014] More specifically, in the foregoing constitution, at least one of the condenser member 
or members may be formed such that there are a plurality of condenser regions arrayed 
therein; and at least one of the condenser regions which is designed to irradiate at least a 
portion of the at least one reference protected zone may serve as axis about which at least one 
of the condenser regions which is designed to irradiate at least a portion of at least one of the 
protected zones which is located in at least one direction extending laterally therefi'om may 
be disposed in inclined fashion. 

[0015] Where this is the case, because condenser region(s) designed to irradiate reference 
protected zone(s) serves or serve as axis or axes about which condenser region(s) designed to 
irradiate protected zone(s) located in direction(s) extending laterally therefi"om is/are disposed 
in inclined fashion, even where the characteristics of light cause zone extent to increase as 
one goes firom protected zone(s) proximate to light-projecting and/or light-receiving 
element(s) to protected zone(s) located in direction(s) extending laterally therefrom, it is 
possible to prevent zone(s) nearest to light-projecting and/or light-receiving element(s) fi"om 
being unprotected zone(s) and to cause edge(s) at the light-projecting and/or light-receiving 
element side(s) of plurality of protected zones alongside light-projecting and/or light- 
receiving element(s) to be formed so as to be coilinear. 

[0016] Furthermore, at least one of the condenser member or members may be formed such 
that there are a plurality of condenser regions armyed therein; and at least a portion of the 
respective focal lengths from at least one of the light-projecting and/or light-receiving 



elements to the plurality of condenser regions may be set such that at least one focal length 
therefrom to at least one of the condenser region or regions designed to irradiate at least a 
portion of the protected zone or zones located in the direction or directions extending laterally 
is greater than at Jeast one focal length therefrom to at least one of the condenser region or 
5 regions designed to irradiate at least a portion of the reference protected zone or zones. 

[0017] Where this is the case, becavise respective focal lengths from light-projecting and/or 
light-receiving element(s) to plurality of condenser regions are set such that focal length(s) 
therefrom to condenser region(s) designed to irradiate protected zone(s) located in 
direction(s) extending laterally is/are greater than focal length(s) therefrom to condenser 

10 region(s) designed to irradiate reference protected zone(s), it is possible through employment 
of the characteristics of light to prevent zone extent from increasing as one goes from 
protected zone(s) proximate to light-projecting and/or light-receiving element(s) to protected 
zone(s) located in direction(s) extending laterally therefrom. This being the case, it will be 
possible to prevent zone(s) nearest to light-projecting and/or light-receiving element(s) from 

15 being unprotected zone(s) and it will be possible to cause edge(s) at the light-projecting 
and/or light-receiving element side(s) of plurality of protected zones alongside light- 
projecting and/or light-receiving element(s) to be formed so as to be coUinear. 
[0018] Still more specifically, in the foregoing constitution, at least one of the condenser 
member or members may be formed such that there are a plurality of lenses arrayed therein. 

20 [0019] Alternatively or in addition thereto, at least one of the condenser member or members 
may be at least one prism, at least one lens being disposed at at least one side thereof toward 
at least one of the light-projecting and/or light-receiving elements. 

[0020] Alternatively or in addition thereto, at least one of the condenser member or members 
may be formed such that there are a plurality of mirrors arrayed therein. 

25 

BRIEF DESCRIPTION OF DRAWINGS 
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[0021] FIG. 1 (a) is a schematic diagram of the structure of a light-projecting component 
provided in a sensor associated with a first embodiment. FIG. 1 (b) is a schematic diagram of 
the structure of a light-receiving component provided in a sensor associated v^th a first 
embodiment. 

5 [0022] FIG. 2 (a) is a schematic plan view showing protected zones at an automatic door 
where a sensor associated with a first embodiment is employed. FIG. 2 (b) is a schematic 
front view showing protected zones at an automatic door where a sensor associated with a 
first embodiment is employed. 

[0023] FIG. 3 (a) is a schematic front view of lens group(s) provided in a sensor associated 
10 with a first embodiment. FIG. 3 (a) is a schematic plan view of lens group(s) provided in a 
sensor associated with a first embodiment. 

[0024] FIG. 4 (a) is a schematic front view of lens group(s) provided in another working 
example of a sensor associated with a first embodiment. FIG. 4 (b) is a schematic plan view 
of lens group(s) provided in another working example of a sensor associated with a first 
15 embodiment 

[0025] FIG. 5 (a) is a schematic front view of prisms provided in another working example of 
a sensor associated v^th a first embodiment. FIG. 5 (b) is a schematic plan view of prisms 
provided in another working example of a sensor associated with a first embodiment. 
[0026] FIG. 6 (a) is a schematic front view of prisms provided in another working example of 

20 a sensor associated with a first embodiment. FIG. 6 (b) is a schematic plan view of prisms 
provided in another working example of a sensor associated v^th a first embodiment. 
[0027] FIG. 7 (a) is a schematic diagram of the structure of a light-projecting component 
employing mirrors as condenser members and provided in a sensor associated with a first 
embodiment. FIG. 7 (b) is a schematic diagram of the structure of a light-receiving 

25 component employing mirrors as condenser members and provided in a sensor associated 
with a first embodiment. 
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[0028] FIG. 8 (a) is a schematic plan view of mirror group(s) provided in another working 
example of a sensor associated with a first embodiment. FIG. 8 (b) is a schematic front view 
of mirror group(s) provided in another working example of a sensor associated with a first 
embodiment. 

[0029] FIG. 9 (a) is a schematic plan view of mirror group(s) provided in another working 
example of a sensor associated with a first embodiment. FIG. 9 (b) is a schematic front view 
of mirror group(s) provided in another working example of a sensor associated with a first 
embodiment. 

[0030] FIG. 10 (a) is a schematic plan view showing protected zones at an automatic door 
where a sensor associated with a second embodiment is employed. FIG. 10 (b) is a schematic 
front view showing protected zones at an automatic door where a sensor associated with a 
second embodiment is employed. 

[0031] FIG. 1 1 (a) is a schematic front view of lens group(s) provided in a sensor associated 
with a second embodiment. FIG. 1 1 (b) is a schematic plan view of lens group(s) provided in 
a sensor associated with a second embodiment. 

[0032] FIG. 12 (a) is a schematic plan view of mirror group(s) provided in another working 
example of a sensor associated with a second embodiment. FIG. 12 (b) is a schematic front 
view of mirror group(s) provided in another working example of a sensor associated with a 
second embodiment. 

[0033] FIG. 13 (a) is a schematic plan view showing protected zones at an automatic door 
where a conventional sensor is employed. FIG. 13 (b) is a schematic front view showiag 
protected zones at an automatic door where a conventional sensor is employed. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

[0034] Below, embodiments of the present invention are described with reference to the 
drawings. Note that while the following embodiments apply the present invention to an 
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automatic door sensor, this being one type of sensor, the present invention is not limited 
thereto, it being possible to apply the present invention to sensors used in other fields, e.g., 
security sensors and the like. 
[0035] FIRST EMBODIMENT 

5 The sensor associated with the present first embodiment is shown in FIGS. 1 through 3. 

[0036] As shown in FIG. 1, this sensor 1 is provided above the central region of automatic 
door D (see FIG. 2) and is such that arrayed therein (not shown) there are light-projecting 
component(s) 1 1 irradiating light from two light-projecting elements 111 by way of lens 
group(s) 12 ("condenser member(s)" in the language of the present invention); and light- 

10 receiving component(s) 1 5 at which light irradiated from such light-projecting component(s) 
1 1 is, after being reflected, incident on two light-receiving elements 151 by way of lens 
group(s) 12. 

[0037] As shown in FIG. 3, lens group(s) 12 is/are formed such that eight lenses 14 which are 
convex on one side are arrayed therein. These eight lenses 14 are divided into two lens sets 

15 13, each of which comprises four lenses 14a, 14b, 14c, 14d. At these two lens sets 13 — each 
of which comprises four lenses 14a, 14b, 14c, 14d — lens 14a, which is designed to irradiate 
reference protected zone Al 1 (see FIG. 2) located proximate to sensor 1, serves as axis, about 
which the other three lenses 14b, 14c, 14d, which are designed to irradiate protected zones 
A12, A13, A14 located in the Y direction (see FIG. 2) extending outward alongside the 

20 surface of automatic door D, are disposed in inclined fashion. Furthermore, the eight lenses 
of the lens sets 1 3 are themselves arranged so as to be inclined in V-shaped fashion such that 
the four lenses 14a, 14b, 14c, 14d of each of the two lens sets 13 occupy respectively 
symmetric locations (see FIG. 3). Note that at FIG. 3, the symbol x indicates the principal 
point of the lens. Furthermore, at this sensor 1, light-projecting and light-receiving elements 

25 111,151 are respectively disposed at the foci of the two lens sets 13, the respective distances 
from light-projecting and light-receiving elements 1 1 1, 151 to the eight lenses 14 
representing the focal lengths established therefor (see FIG. 1). 



[0038] The positional relationship between such lens group(s) 12 and light-projecting and 
light-receiving elements 111, 151 is such that edges A16, A17, A18 at the automatic door D 
side of protected zones A12, A13, A14 located in the Y direction(s) extending outward 
alongside the surface of automatic door D from reference protected zone(s) All located 
5 proximate to sensor 1 are formed so as to be coUinear with edge(s) A15 at the automatic door 
D side of reference protected zone(s) Al 1. 

[0039] That is, as shown in FIG. 2, the eight lenses 14 arranged in V-shaped fashion are such 
that a line drawn through the centers of reference protected zones All and protected zones 
A12, A13, A14 located in the Y directions extending outward alongside the surface of 
10 automatic door D will form a V-shaped line. This being the case, the distance between 

automatic door D and edges A15, A16, A17, A18 at the automatic door D side of protected 
zones Al 1, A12, A13, A14 is constant. 

[0040] As described above, because this sensor 1 is such that light-projecting and light- 
receiving elements 111, 151 are respectively disposed at foci of two lens sets 13, and because, 

15 taking reference protected zone(s) Al 1 as reference(s), edges A16, A17, A18 at the automatic 
door D side of protected zones A12, A13, A14 located in the Y direction(s) extending 
outward alongside the surface of automatic door D from such reference protected zone(s) 
Al 1 are formed so as to be coUinear with edge(s) Al 5 at the automatic door D side of 
reference protected zone(s) A 1 1, it is possible to make efBcient use of light at light-projecting 

20 and light-receiving elements 111, 151 respectively disposed at foci of two lens sets 13. 

Moreover, when carrying out detection with respect to protected zone(s) A alongside sensor 1, 
edges A15, A16, A17, A18 at the automatic door D side of plurality of protected zones Al 1, 
A12, A13, A14 alongside such light-projecting and/or light-receiving element(s) 111, 151 
may be formed so as to be coUinear, and zone(s) nearest to sensor 1 may serve as protected 

25 zone(s). 

[0041] Furthermore, because lens(es) 14a, designed to irradiate reference protected zone(s) 
Al 1, serve as axis, about which lenses 14b, 14c, 14d, designed to irradiate protected zones 
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A12, A13, A14 located in Y direction(s) extending outward alongside the surface of 
automatic door D, are arranged so as to be inclined in V-shaped fashion, even where the 
characteristics of light cause zone extent to increase as one goes from reference protected 
zone(s) Al 1 to protected zones A12, A13, A14 located in Y direction(s) extending outward 
alongside the surface of automatic door D, it is possible to prevent zone(s) nearest to sensor 1 
from being unprotected zone(s) and to cause edges A15, A16, A17, A18 at the automatic 
door D side of plurality of protected zones Al 1, A12, A13, A14 alongside automatic door D 
to be formed so as to be coUinear. 

[0042] Note that whereas in the present first embodiment two lens sets 13 exist in divided 
form, the present invention is not limited thereto; it being possible for same to be arrayed in 
continuous fashion. 

[0043] Furthermore, whereas in the present first embodiment lenses 14 are formed so as to be 
convex on one side, the present invention is not limited thereto; it being possible for same to 
be formed so as to be biconvex in shape. 

[0044] Furthermore, whereas in the present first embodiment eight lenses 14 were employed, 
the present invention is not limited thereto; it being possible to choose an arbitrary mmiber, 
e.g., 10, thereof. 

[0045] Furthermore, whereas in the present first embodiment two light-projecting and two 
light-receiving elements 111,151 were disposed therein, the present invention is not limited 
thereto; it being possible to choose an arbitrary number thereof. 

[0046] Furthermore, whereas in the present first embodiment lenses 14 were employed as 
condenser member(s), the present invention is not limited thereto; it being possible to employ 
other member(s), provided only that such other member(s) be condenser member(s) suited to 
the task of, taking reference protected zone(s) Al 1 as reference(s), causing edges A16, A17, 
A18 at the automatic door D side of protected zones A12, A13,A14 located in the Y 
direction(s) extending outward alongside the surface of automatic door D from such reference 
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protected zone(s) All to be formed so as to be coUinear with edge(s) A15 at the automatic 
door D side of reference protected zone(s) All. 

[0047] Such other member(s) may for example be formed such that eight lenses 14 are 
arrayed therein as shown in FIG. 4, or may be prism(s) 16 to the automatic door D side of 
5 which eight lenses (not shown) are disposed as shown in FIG, 5 or 6, or may be formed such 
that eight mirrors 19 are arrayed therein as shown in FIG. 8 or 9. 

[0048] In a sensor employing the eight lenses 14 shown in FIG. 4, lens sets 13 are, imlike the 
present first embodiment, not themselves arranged so as to be inclined in V-shaped fashion, 
but instead the principal points x of the eight lenses 14 are arranged so as to be inclined in V- 
10 shaped fashion. 

[0049] Furthermore, in a sensor emplo3dng the prism(s) 16 shown in FIG. 5, the prism(s) 16 
employed is/are such that lens(es) (not shown) is/are disposed at side(s) thereof toward the 
two sets of light-projecting and light-receiving elements 111, 151, the two sets of prism(s) 1 6 
being themselves disposed so as to be inclined in V-shaped fashion in similar manner as at 

15 the present first embodiment. 

[0050] Furthermore, in a sensor employing the prism(s) 16 shown in FIG. 6, the prism(s) 16 
employed is/are such that lens(es) (not shown) is/are disposed at side(s) thereof toward the 
two sets of light-projecting and light-receiving elements 111, 151, and imlike the present first 
embodiment, refiracting surface(s) 161 of the two sets of prism(s) 16 is/are disposed so as to 

20 be inclined in V-shaped fashion. 

[0051] Furthermore, in a sensor employing the mirror(s) 19 shown in FIG. 8, mirror group(s) 
17 is/are formed such that eight mirrors 19 which are convex on one side are arrayed therein 
as shown in FIG. 7, in similar manner as at the present first embodiment. These eight mirrors 
19 are divided into two mirror sets 18, each of which comprises four mirrors 19a, 19b, 19c, 

25 1 9d. The eight mirrors of these mirror sets 1 8 are themselves arranged so as to be inclined in 
V-shaped fashion such that the four mirrors 19 of each of the two mirror sets 18 occupy 
respectively symmetric locations. 

12 



[0052] Furthermore, in a sensor employing the mirror(s) 19 shown in FIG. 9, mirror group(s) 
17 is/are formed such that eight mirrors 19 which are convex on one side are arrayed therein 
as shown in FIG. 7. These eight mirrors 19 are divided into two mirror sets 18, each of which 
comprises four mirrors 19a, 19b, 19c, 19d, and unlike the present first embodiment, the two 
5 mirror sets 1 8 are not themselves arranged so as to be inclined in V-shaped fashion, but 

instead the principal points x of the eight mirrors 19 are arranged so as to be inclined in V- 
shaped fashion. 

[0053] SECOND EMBODIMENT 

The sensor of the second embodiment differs from sensor 1 of the foregoing first embodiment 
10 only with respect to the fact that, taking reference protected zone(s) Al 1 as reference(s), 

edges A16, A17, A18 at the automatic door D side of protected zones A12, A13, A14 located 
in the Y direction(s) extending outward alongside the surface of automatic door D from such 
reference protected zone(s) All are formed so as to be coUinear with edge(s) A15 at the 
automatic door D side of reference protected zone(s) Al 1, the constitutions thereof being 
15 identical in other respects. Description of the present second embodiment will therefore be 
confined to those features with respect to which it differs from sensor 1 of the first 
embodiment, and like constituents will be assigned like reference numerals and description 
thereof will be omitted. 

[0054] This sensor 1 is provided above the central region of automatic door D (see FIG. 10) 
20 and is such that arrayed vertically therein (not shown) there are light-projecting component(s) 
1 1 irradiating light from two light-projecting elements 1 1 1 by way of lens group(s) 22; and 
light-receiving component(s) 15 at which light irradiated from such light-projecting 
component(s) 1 1 is, after being reflected, incident on two light-receiving elements 151 by 
way of lens group(s) 22. 

25 [0055] As shown in FIG. 11, lens group(s) 22 is/are formed such that eight lenses 24 which 
are convex on one side are arrayed therein. These eight lenses 24 are divided into two lens 
sets 23, each of which comprises four lenses 24 (24a, 24b, 24c, 24d). 
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[0056] Furthermore, light-projecting and light-receiving elements 111, 151 are respectively 
disposed at the foci of the two lens sets 23, the respective distances from light-projecting and 
light-receiving elements 1 1 1, 151 to the eight lenses 24 representing the focal lengths 
established therefor. The respective focal lengths are set such that focal lengths to lenses 24b, 
5 24c, 24d designed to irradiate protected zones A22, A23, A24 located in Y direction(s) 
extending outward alongside the surface of automatic door D are greater by successively 
greater amounts than focal length(s) to lens(es) 24a designed to irradiate reference protected 
zone(s) A21 . This being the case, as shown in FIG. 10, given constant distance from sensor 1 
(reference numeral Z; see FIG. 10), the greater the distance a protected zone is from sensor 1 

10 the smaller will be the protected zone. 

[0057] The relationship among focal lengths from light-projecting and light-receiving 
elements 1 1 1, 151 to respective lenses 24 is such that, as shown in FIG. 10, edges A26, A27, 
A28 at the automatic door D side of protected zones A22, A23, A24 located in the Y 
direction(s) extending outward alongside the surface of automatic door D from reference 

15 protected zone(s) A21 located proximate to sensor 1 are formed so as to be coUinear with 
edge(s) A25 at the automatic door D side of reference protected zone(s) A2L 
[0058] That is, as shown in FIG. 10, the eight lenses 24 are such that a line drawn through the 
centers of reference protected zone(s) A21 and protected zones A22, A23, A24 located in the 
Y direction(s) extending outward alongside the surface of automatic door D will be formed 

20 such that it is coUinear with the surface of automatic door D. This being the case, the distance 
between automatic door D and edges A25, A26, A27, A28 at the automatic door D side of 
protected zones A21, A22, A23, A24 is constant. 

[0059] As described above, because this sensor 1 is such that light-projecting and light- 
receiving elements 111, 151 are respectively disposed at foci of two lens sets 23, because 
25 distances from light-projecting and light-receiving elements 111, 151 to eight lenses 24 are 
focal lengths established therefor, and because, taking reference protected zone(s) A21 as 
reference(s), edges A26, A27, A28 at the automatic door D side of protected zones A22, A23, 



A24 located in the Y direction(s) extending outward alongside the surface of automatic door 
D from such reference protected zone(s) A21 are formed so as to be coilinear with edge(s) 
A25 at the automatic door D side of reference protected zone(s) A21, it is possible to make 
efficient use of light at light-projecting and light-receiving elements 111, 151 respectively 
disposed at foci of two lens sets 23. Moreover, when carrying out detection v^th respect to 
protected zone(s) A alongside sensor 1, edges A25, A26, A27, A28 at the automatic door D 
side of plurality of protected zones A21, A22, A23, A24 alongside such sensor 1 may be 
formed so as to be coilinear, and zone(s) nearest to sensor 1 may serve as protected zone(s)- 
[0060] Furthermore, because focal lengths from light-projecting and/or light-receiving 
elements 1 1 1, 151 to eight lenses 24 are respectively set such that focal lengths to lenses 24b, 
24c, 24d designed to irradiate protected zones A22, A23, A24 located in Y direction(s) 
extending outward alongside the surface of automatic door D are greater by successively 
greater amounts than focal length(s) to lens(es) 24a designed to irradiate reference protected 
zone(s) A21, it is possible through employment of the characteristics of light to prevent zone 
extent from increasing as one goes from reference protected zone(s) A21 to protected zones 
A22, A23, A24 located in Y direction(s) extending outward alongside the surface of 
automatic door D. This being the case, it is possible to prevent zone(s) nearest to light- 
projecting and/or light-receiving elements 111,151 from being unprotected zone(s) and it is 
possible to cause edges A25, A26, A27, A28 at the automatic door D side of plurality of 
protected zones A21, A22, A23, A24 alongside automatic door D to be formed so as to be 
coilinear. 

[0061] Furthermore, because, as shown in FIG. 10, the eight lenses 24 are such that a line 
drawn through the centers of reference protected zone(s) A21 and protected zones A22, A23, 
A24 located in the Y direction(s) extending outward alongside the surface of automatic door 
D will be formed such that it is coilinear with the surface of automatic door D, this is 
preferred when forming protected zones in matrix fashion. 
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[0062] Note also that whereas in the present second embodiment lenses 24 were employed as 
condenser member(s), the present invention is not limited thereto; it being possible to employ 
other member(s), provided only that such other member(s) be condenser member(s) suited to 
the task of, taking reference protected zone(s) A21 as reference(s), causing edges A26, A27, 
5 A28 at the automatic door D side of protected zones A22, A23, A24 located in the Y 

direction(s) extending outward alongside the surface of automatic door D from such reference 
protected zone(s) A21 to be formed so as to be coUinear with edge(s) A25 at the automatic 
door D side of reference protected zone(s) A21. 

[0063] Such other member(s) may for example be mirror group(s) 27 formed such that eight 

10 mirrors 29 are arrayed therein as shown in FIG. 12. In a sensor employing such eight mirrors 
29, mirror group(s) 27 is/are formed such that eight mirrors 29 which are convex on one side 
are arrayed therein. These eight mirrors 29 are divided into two mirror sets 28, each of which 
comprises four mirrors 29a, 29b, 29c, 29d; light-projecting and light-receiving elements 111, 
151 being disposed at foci of the two mirror sets 28 in similar manner as at the present 

15 second embodiment. The respective distances from light-projecting and light-receiving 
elements 1 1 1, 151 to the eight mirrors 29 are focal lengths established therefor, and the 
respective focal lengths are set such that focal lengths to mirrors 29b, 29c, 29d designed to 
irradiate protected zones A22, A23, A29 located in Y direction(s) extending outward 
alongside the surface of automatic door D are greater by successively greater amounts than 

20 focal length(s) to mirror(s) 29a designed to irradiate reference protected zone(s) A21 . 

[0064] As described above with reference to the first and second embodiments, sensor(s) 
associated with embodiment(s) of the present invention permit eflBcient use of light at light- 
projecting and/or light-receiving element(s) disposed at location(s) of focus or foci of lens(es) 
and/or other such condenser member(s); make it possible, when carrying out detection with 

25 respect to protected zone(s) alongside light-projecting and/or light-receiving element(s), to 
cause edges, on side(s) toward light-projecting and/or light-receiving element(s), of a 
plurality of protected zones alongside such light-projecting and/or light-receiving element(s), 
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to be formed so as to be coUinear; and make it possible to cause zone(s) nearest to light- 
projecting and/or light-receiving element(s) to serve as protected zone(s). 
[0065] That is, with sensor(s) associated with embodiment(s) of the present invention, 
because light-projecting and/or light-receiving element(s) may be disposed at location(s) of 
5 focus or foci of condenser member(s), and because when protected zone(s) proximate to 
light-projecting and/or light-receiving element(s) is/are taken as reference(s), edge(s), on 
side(s) toward light-projecting and/or light-receiving element(s), of protected zone(s) located 
in direction(s) extending laterally from such reference protected zone(s) is/are formed so as to 
be more or less coUinear with edge(s), on side(s) toward light-projecting and/or light- 

10 receiving element(s), of reference protected zone(s), it is possible to make efficient use of 
light at light-projecting and/or light-receiving element(s) disposed at location(s) of focus or 
foci of lens(es) and/or other such condenser member(s). Moreover, it is also possible, when 
carrying out detection with respect to protected zone(s) alongside light-projecting and/or 
light-receiving element(s), to cause edges, on side(s) toward light-projecting and/or light- 

15 receiving element(s), of a plurality of protected zones alongside such light-projecting and/or 
light-receiving element(s), to be formed so as to be coUinear; and to cause zone(s) nearest to 
light-projecting and/or light-receiving element(s) to serve as protected zone(s). 
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